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operations. The research on formal thought instruments is outlined.
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developed using item specifications found in the Piagetian literature
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content. These tests, four Piagetian formal thought tasks, and a
measure of verbal intelligence were administered to a sanmple of
above~average teenagers. The formal operational rfeasoning tests were
desonstrated to have subsitantial content validity, modest concurrent
validity, and linited construct validity. Six item structures were
found to have uniformly high first principal component factor
loadings, validity iadices, and reliability indices. The need for
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I. Intvoduction

Piaget has fonmlated a developmental psydmiogy which indicates an
invarient sequznce of four qualitatively-distinét stages of human cogni-
tive developaent. The fourth stage--the stace of formal operations--is
characterized by the capacity to consider all the possible relationships
in a problematic situation and by the capacity to think in a hypothetico-
deductive manney. Formal cperations are internalizable, reversible actions
which are coordinated in an intcgrated system and which are based on pro-
positions.,

To test for formal cperations Piaget and his associates (Inhelder
and Piagat, 1958) have formulated a sét of exporirmental tasks which reguire
the applicaticn of formal operations for their successful resolution. For
exa:;ple, a billiard gamz has been used ' test for the wderstanding of the
ooncept of equality of angles of incidence and reflection which, in twn,
{s a manifestation of the capacity to formulate the binary operation of re-
ciprocal Implication.

Pormzl thought has been measured with the following types of measures:
(1) Pjagetian tasks; (2) verbal or numerical analogies; (3) test items

requiring conprehension of reading passages; (4) logic items. None of
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these measwres have been strictly validated.

s ) In a longitudal study of four year duz.-ati_on Hughes (19065) tested\40
‘\ ppils of average amd below aversgz scholastic ability yearly from the age
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of 11+ years to the age of 14+ years., Four Piagetian tasks including the
Equilibrium in the Balance task were used. 'Ihg task scores on the fourth
testing were correlated with other test scores such as those of numerical
analogies and non-verbal intelligence test. With a pfipcipal conponent
analysis all of the tasks were found to have high correlations (.57 - .81)
with the first principal component. _

Lovell and Butterworth (1966) tested 60 pupils with an array of nea-
sures testing for the schema of proportion including the Equilibrium in
the tpalanoe task and the Projection of Shadows task., From a principal
ompr:)nent énalysis of the scores they‘fomd that all of t}';e measures oor-
related highly with the first principal component. Using an array of for-
mal operations tasks and tests Lovell and Shields (1967) tested 50 pupile
ranging in age from 8 to 10 years and having mroal lQ's in excess of 140
as measured by the techsler Intelligence Scale for Children. Using a prin-
cipal component analysis they found that the tasks have quite high correla-
tions with the first principal component including the Equilibrium in the
Balance task and the Colorless Chemicals task with .83 and .72 first com-
ponent correlat.?ons reséectively. From these three studies which indicate
that Plagetian formal thought tasks have a high first principal correla-
tions one can infer that the tasks have substantial ;:oncurrent valiglity.

Research on formal operatione using verbal or nuverical analogies
include a study by fovell and Butterworth (1966) heretofore cited. English
researcher Lunzer (1965) has argued that both verbal and numerical analogies
require the a;:plication of formal .operational skills for gecond-order rela-
tions reed to be reoognized for the solution of the analogy items; the
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capacily to formulate second- order relations is a characteristic of fonmal
thought. Lovell and Butterworth (1966) enployed 20 tests (e.g., verbal
analogies) involving proportion and shawed that a central intellective
ability undeilies all of these tests; the éapacity to mdersta.nd.propor-
tions relates to the schema of proportion vhich is an aspect of formal
thought. | .

Research on fonmal operations using analogy items, though sparse, has
given some credibilily to the statement that analogy iteis are valid mea-
surcs of formal thought. Analogy itesss have content validity for they
require the revogniticn of seoond-order relations and the use of the schema
of proport';ion and analogy tests have concurrent validity for they have high
.posit.i.ve correlations with other measures of formal thought (e.g., tasks).
However, more research necds to be done on the validation of these measures
for there is suhstantial query as to whether analogies test for a broaa
enough range of behaviors proper to the stage of formal operations.

Studies on formal operations using test items requiring oconprehension
of reading passages have been done by a variety of researchers (e.g., Stone,
1966). Case and Collir;son (1962), Goldnan (1965), and Hallam (1967) have
enployed reading passages in such areas as litérature. religion and hiétory.
The subjects in those three studies were imst.ructed-to read th.e passages
and then to answer a few questions. The oral responses were recorded and
then scored with the use of protxols indicating the qualities of responses
proper to ea&\ of the three highest Piagetian cognitive stages.

Mary Ann Stone (1966) used a set of three reading passages in litera-
ture, social studies, and science nespectiveiy and with a forty~item mul-

tiple-choice test on each pascage which demand either recall or application




-4

skills for each item. She ocontended that comprechension and application
behaviors as discussed by Bloom, et al (1956) are proper to formal thought,
whereas recall behaviors are proper to lover-stage thought. She deter-
mined that canpetency at application items .Jls higher and more homogeneous
across content areas for older pupils than for younger pupils. Thouch

her contention that tests used were valid neasures of formal thought is
highly questionable since no form of validity was firmmly established, she
did demonstrate that campetency in thinking in various content areas (i.e.,

/
horizontal dacalage) increases with age.

Research on formal operational thought using logic i@m has been
sparsaly done (e.g., Moxf, 1957). Albert torf (1957) who is an associate
.of Jean Piaget at Geneva stated that any problem ;hat demands an individual
reason deductively from a set of hyvothetical premises with unary and binary
oonnectives (e.g., if . . . then) is & formal operational problem. Sﬁirley
Ann Hill (1960) used logic items testing for the sentential logic, the
classical syllogism, and the logic of quantification. For each item the
subjeéi: was asked to distinguish between a necessary oonclusion and the
negation of a necessary .oonclusion. Hill contended that these items tested
for hypothetico-deductive reasoning which is a cmci:iu characteristic of
formal thought. '

However, O'Brien and Shapiro (1968) contended that her items were not
content valid for her items did not, in addition, demand that the pupil test
the logical néoessity of a conclusion, They determined that though young-
sters between 6 and 8 years of age are able to discriminate between a neces-
sary oonclusion and its negation they are wable to test the logical heces=

sity of a conclusion. Thus they concluded that hypothatico-deductive
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reasoning ability cannot at all ba attributed to young children. Logic
itess as formal thought measures have so far manifested only modest con-
tent validity.

In general, there presently exist no formal thought instruments that
have been extensively validated. The resecarch reported here deals with a
construction and validation of formal operational reasoning instruments.

II. Plan of the Study

A. Subjects

A sample of 'ninety adolescents from Chicago area schools was used in
this study. Thirty scholastically above-average students- vwere seclected
from each-of the three age levels: 13 years of age, 16 years of age, and
.19 years of age. Since the stage of formal operations was examiﬁed, it
was assumed that most pupils over 13 yoars of age inclusive and with above-
average scholastic achievement would have formal operational capabilifies '
according to the Piagetian finding that formal coerations develep in Swiss
children during the 12-15 year period of life (Inhelder and Piaget, 1958).
There were 32 males and 58 females in the sample. This condition of dis-
proportionate sex sampling should not detract from the results of the study
for evidence has accumilated that there are no sex effects with respect
to formal operational skills (e.g., Stone, 1966; O'B.rlen and Shapiro, 1968).

B. Instruments

1. Piagetian Tasks.

To test for attainment to thg staga of t~rmal operations four formal
operations tasks davised by Piaget and his as.ouClates were employed. The
specifications and testing procedurcs required for these ’asks have boen
elaborated by Inhelder and Piaget (1958), by Lovell (1561), and by Hughes
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(1965); the specifications an.d testing proc:edures oofnplieé with in this
study.

The follwing four tasks have been detemined by Piaget and his asso-
ciates to test for fonaal operational ability: |

(a) the Oscillation of a Penjulum task which tecsts for the operations
of exclusion;

(b) the Conscrvation of Motion on a Hori.zont,:_xl Plane task which tests
for the conservation of motion oconcept;

(c) the Equilibriui in the Balefnoe task which tests for the under-
standing of the physical principle of a ba‘lanoe}

(d) ‘the Projection of Shadowss task which tests for understanding of
the physical principle relating the size of a shadow to the size
of an object projected and to the distanoces of the object from
the light souvrce and from the surface of the shadow.

The plane and pendulum tasks require the experivmental manipulation of
variables to confirm certain hypotheses. The balance and shadww tasks
require the discovery of such celations as proportionality and reciprocity
in physical systems. _ ‘

These four.tasks were a&\ﬁnistered to each subject in the sanple and
‘the response to each task was given a rating of one of the stage levels
(1, 11-a, and 1I-B, and III-A and 111-B) used by Piaget and his associates
' ho grad: these tasks. Tre protoools used in this study were strictly oom-
plied with in giving the ratings. A rating of IIF-A c;r iII-B was given
to ooncrete operational resg)onses:' a rating of 1 was given to precpera-

tional responces. o ~
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2, _Formal Operationas Reasoning Instruwents.

These instruments are neasures of formal operational thou_ght. Each
adolescent was admir.xistered three of these instnments: three formal opera-
tional reasoning instruments set in the oontent areas of biology,' litera-
ture, and history resvectively.

-Plaget (1963) contends that the ability to accept absurd premises
(e.g., there was a dog with six heads) as such and to reason from these
premises in a purgly deductive manner is formal operational. Morf (1957) |
states that the ability to reason deductively from a set of premises in
vhich unary and binary connectives (e.g., if . . . then) is also formal
Operationai. The folloving item is an exanple of fommal operational rea-
‘soning devised by Moxf (1957): '

I think of an animal. If the animal has long ears, it may be either
an ass or a mule. If my animal has a big tail, it is either a uule or a
horse. Now, I want an animal with both long ears and a big tail. What
cen it be?

Thus, any verbal or written item that requires an acceptance of a
set of absurd premises in which unary and binary connectives are used and
that requires a. deduction problem to be solved based on the absurd premises
is a valid test of formal operational thought aconrding to the considera-
tions of Piaget and of Morf. This general specification for the formal
operational reasoning instrurents was adhered to in the oconstruction of many
items. The following specifications were camplied with in the item construc-
tion: . . _

i. Each item has either absurd (contrary-to-fact) declarative premises or
imaginary declarative prefises--i.e., each premise in each item must bhe
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either contrary to a fact that the subject knows to be a fact or nust be
an imaginary statement which has no concrete referents and is beyond the
experience of the subject. An exanple of a contrary-to-fact premise is

the folloving: William Shakespeare wrote '.I‘o-n Sawyer, but he did not write
Hamlet. An example of an imacjinaxy premise is the following: Unicorns
trével ‘only in pairé. The specification referring to absurd premises ié
attributable to Jean Piaget (1963) and the specification referring to
imaginary premises is derivable from the discussion on formal thought by
Flavell (1963).

ii. Each item has unary ard binary connectives (e.g., "if . . . then,"
"but", "and", "not", "neither . . . nor") being uzed in the premises. An
exanple of such a premise in which the binary comnective "but" will be used
is the following: William Shakespear wrote Tom Sawyer, but he did not write

Hamlet. 4his specification ie attributable to Albert Morf (1957) who is

an associate of Piaget. ‘
1ii. 7The task for each item requires a sinple deduction through the us2 of
eithé‘r propositional rules of inference or quantificational rules of infer-
ence in order for the validly deducible response to be recognized. An
exanple of such an item with the ocontent area being_ biology and the primary
rule of inference to be used being modus tollens is the following:

A. If butterflies can swim, then butterflies have gills.
Butterflies do not have gills, but they have fins, Therefore . . .

a. All butterflies can swim,

b. Either butterflies swim or they have gills.

c. If butterflies fly, then they swim,

d. Butterflies cannot swim. -
e. Same butterflies have no fins.

f. Butterflies swim but have no fins.
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’I‘;'ne correct response to this item is _(_i_
This specification is attribu‘table to'both Piaget (1963) and Morf (1957).
iv. It is indicated to the student in each test that he is to assumc that
the premi ses for a given item are txue. This specification is attributable
to Piaget (1963). ‘
v. Each item in the tests is of the multiple-choice type with six choices.
Items were constructed so that each required thbught processes that
are. appropriate to the stage of fonmal operations i)ut not appropriate to
the‘ stage of oonérete operations--i. e., each item to be used must coply
.to épecificatmns i-iv for formal Operational reasomng tests that have
here‘tofore been stated and that are attributable to Morf and Piaget. Two
-high school teachers were chosen and trained in the appraisal of items as
conforming to the specifications cited. If they both agréed that the items
chosen oaxplied Lo the specifications_ cited, then content validation of
the items will have been achicved. There was no disagreement between the
two raters for they both ajreed that the items complied to the specifications
cit;zd;_ thus, a content validation >f the items was achieved.
The observation that there was no disagreement between the raters as
to the oonvliance of the items to the specifications may seem extraordinary,
However, upon a closer examination of the proocedure used for content vali-
dation this observation may appear to be more‘ reasonable. First of all, both
high school teachers who were raters had some familiarity with symbolic logi_c
to the exent that they knew basic logical rules of inference and knew the
English notation used in symbolizing certain loyical statetents (e.y., the
statement "John went to the store and Hary went hane" could be syrbolized

as "p.q." where p refers to "Johin went to tha store™, g refers to ™ary
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went home", and "." refers to "anu"). .Their familiarity with symbclic
logic proved to be an aid in their scrutiny of the test items. {

The items were constructed and a statement of the specifications
were provided to each rater. Each vater waé asked td examine ea&x item
and to identify any item not complying to the item specifications. First
of all, each item was found to have either absurd or imaginary premises
by each rater. Secondly, each item was examined and found to have unary
and/or binary connectives (e.g., "not", "either . . . or", "and") beingv
used in the item by each rater. Thirdly, each ratef determined that each
item required some logical rule of inference to be used fér its correct
resolution'; in this phase the teachers used their familiarity with symbolic
'logic to ascertain item compliance to specification iii. Iastly, each
rater indicated that the direction for the items tﬁade it sufficiently clear
that the premises in each item were to be assuned to be true by each subject.
Due partly to th: prior training in syrrbolic logic of the raters and due
to the pointedness, simplicity, and clarity of the item specifications the
raters were able to scrutinize the items for possible compliance to the
item specificatj‘.ons angd 'determined that the ii:ems had content validity.

After a set of content valid items were constructed, a pre-testing of
the items was enacted to determine those items with ﬁigh-point bise;ial
correlations, high factor loadings with the first principal oorponent,
" and item difficulties in the .10 - .90 range. A subset of about 30 items
was selected from those items to form the basic items in the instrument.
Versions of the test were constructed maintaining the formal logical struc-
.tures of the items but set in the throe oontezif: aveas--biology, history,

and literature. The testing time for each of the tests was abcut forty
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minutes.

The formal logical structures of the thirty items chose:“n were set in
terms of the Polish notation of syiholic logic developed by J. Lukaseiwicz,
a noted Pélish logician. These thirty items were set in various contents
in the pre-test of sixty items. It may be noted that the correct response
for any given item forms thcl only consistent and valid forrula with the
premises given. The other five responsés for any given item relate to
inconsistent formulae that are invalid for some choice of truth values
for the constituent premises determines true composite premises and false
conclusion responses. After the thirty items were selected from the pre-
test, the items were randomly ordered to form the standard ordering of
items in the formal operational reasoning instruments.

The measure of competency with formal cperations is the mean socore
(mean nunber of items answered oorreé}:ly) for the three reasoning sccres;

this soore is the formal operational competency score. 2An individual is

adj{.ldged to be capable of formal operational thought if he obtains a for-
mal operational odnpetency score qreatef than the upper 95% confidence
limit for the guessing score (n/6 + 5n/3 vhere n is the nuiber of items

in the test--Gulliksen, 1950) for the three réasonigg scores for thqt indi-
vidﬁal. ™

3. Measure of General Intellectual Ability.

A measure of verbal intelligence entitled the Experimental Omnibus

Vocahulary Test developed by Frederick Davis is the measure of gereral

intellectual ability used in this study. The forty items used in this

~

test were selected from a larger samplé of vocabulary items as conforming
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to a unidimensional model of verbal intelligence., In part, the test scores
were used in the construct validation procedure for the three formal opera-
tional reasoning instrumnents.,

The three formal reasoning tests and the vocabul;ary tests were adminis-
tere;l to the ninety gdolescents in group-testing .settinqs and the four
Piagetif'm tasks were adminis‘tered to each adoléscent' individually.

III. Results
l‘| A test has content validity if the items in the test require behaviors
for l'l‘their sucoéssful resolution that are proper to the trait being measured
(Cro}lbach, 1960). 1The three formal reasoning tests were found to have con-
tent "validity. For example, the reasoning tests were found to have all of
their items fulfilling the Genevan specifiCations.i—iv for formal opera-
- tional reasoning tests heretofore cited.

A test has concurrent validity i._f tl;e test correlates highly positively
with direct tests measuring the same trait as the initial test (Cronbach,
1960) . Concurrent validity of the formal reasoning tests Qas to be deter-
mined in two phases. The first phase entails the examination of the cor-
relatiohs between the formal operaicional task scores and each of the sets
of formal reasoning scores and the total reasoning scores: Tab}e 1 depicts
thése ‘correlations. | | -

“Table 2 indicates the lower bounds of the correlations corrected for
attenuation between the total task scores and the four formal reasoning
soores cited in Table 1. The correlations in Table 2 arefylower bounds for
iﬁ the o_cmputatioﬁ 6f these correlations it was assumed that the reli\ability

of the composite task was 1.00. Thus the cozfficient indicating the relation’
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between the set of four tasks-and a given fornmal reasoning test conditional
on the usage of perfectly reliable instruments is at least Lhe correspond-
ing correlation designated in Table 2. '

From an examination of the correlations in Tables 1--2 it can be stated
that the relation between the fonnal reasoning scores and the total task
soor;:zs for four Piagétian tasks is moderate even if perfectly relisble
instrurents are used.

Being no£ uniformly high the correlations in Table 1 lend weight. to
the contention that the formal reasorfing scores are moderately related to
the total _ta;sk score for the four Piagetian tasks used. Thus the first
.phase of the concurrent validation has provided infomaﬁon attesting to
the modest concurrent validity of the separate formal reasoning tests.
However, when these tests are conbined, the concurrent validity (with or
without attenuation) is relatively high.

The second phase of concurrent validation entails the ex&dnation of
a cr)ntingéncy table relating the placement of individuals ints cognitive
stages.‘acoord'mg to thei; formal operational task scores to the placement
of individuals into cognitive stages according to formal operational com-
pentency soores. No adolescent subject was found to be at the pre—Opera-
tional stage of thought according to their Piagetian task perfoﬁnanoes.
The formal reasoning tests can only specify formal thought capabilities
ffom non-formal thought capebilities. All adolescent subjects were placed‘
at either the concrete stage of thought of the formal stage of thought.

Individual task scores greatér than three were judgéd to be formal

~

operational and thus formal operational task scores greater than 12 vere
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classified as formal operational. Subﬁects with task scoreslin the 5-12
range were classified as concrete operational. The upper 95% confidence
limit for the guessing score for the three reasoning tests is 9.1 which
equals n/6 +45n/3 vhere n=30 (Gulliksen, 1950). Subjects receiving com-
petepcy scores greater than 9.1 were clascified as concrete operational.
Mdolescent subjects receiving competency scoreé less than or equal to 9.1
were classified as concrete operational. Table 3 indicates the placement
of the 90 subjects into the two highest cognitive steps according to the
Piagetian taské and according to the formal reasoning tests.

As can be seen in Table 3, 86 subjectslwere found to be at the stage
of formmal operations according to the two sets of measdres. Also 95.5%
of the adolescent sﬁbjects were adjudged to be at the stage of formal
operations by both methods of stage measurement. The capacity of the
set of four Piagetian tasks to Heasuré subjects at the stage of formal
operations is to a great extent shared by the set of formal reasoning tests.
chévgy, this phase of the concurrent validation remains inconclusive for
the alleged capacity of .the formal reasoning tests to distinguish subjects
at the stage of formal operations was not verified in this‘study. Hope~
fully,in the future a wide variety of subjects could be éhosen and tested
with the tasks and reasoning tasks énd then could be classified into cog-
' nitive steps according to their respective sets of responses. The classiu_
fications according to the task socores and according to their respective
sets of responses. The classifications acocording to the task scores and
ac@ordihg to the test scores could be exaﬁined and ccmpéréd with the Ese

of a contingency table and then the discriminative quality of the formal
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- yeasoning tests could be determined. In this manner the pl:: se of the con-
current validation of the formal reasoning tests could be acoomplished,

1t may be noted that no capacity of the formal reasoning tests to classify -
subjects into lover coynitive stages has been acknowledged, thus the clas-
sificatiory range of the Piagetian tasks is‘reccgnized as being greater

than the classificatory range of the formal reasoning tests,

‘Construct validity of the formal reasoning tests was determined in
three phases. The first phase involved some of the. techniques of conver-
géntland discriminant validation proposed by Campbell and Fiske (1859) on
the éxamination of a multitrait-multimethod matrix. Convergent validity
of aZset of test measuring a given trait is demonstrated if the tests have
high positive correlations with other tests employing a-&ifferent method
ﬁeasuring the same trait. It was hypothesized that the correlations between
. _the formal reasoning tests and‘the Piagetian taskslwill be large and posi-
tive thus indicating the convergent validity of the formal reasoning tests,
Discriminant Validity of a set of tesfs measuring a given trait is demon-
strated if the test have small correlations with measures of a different
trait but employing a similar method. It was thus hypothesized that the
correlations between the‘three formal reasoning tests ard the measure of
verbal intelligence will be quite low, thus indicating the discriminant
validity of the formal reasoning tests. | ' |

Tables 4-7 indicate the intercorrelations among the eight constituent
cognitive variables used in this study for each of the three age levels and
the toﬁal‘saméle. Yost of the correlations in the rectangular sub-matrices
- with the dotted lines ere modesply signifi;ant and positive, thus attesting

to the limited oconvergent validity of the fovmal féasoning tests;‘the‘formal
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reaconing tests are, in general, modefate].y ocorrelated with the Piagetian
tasks. .

The rectangular sub-matrices with the solid lines in Tables 4-7 relate
to the discriminant validation aspeci of this phase for they indicate the
correlations between the measure of verbal intelligence and the three con-
stituent measures of. formal thought., Most of these values: are nodestly
significant. 1In additioﬁ, these correlations are, in general, of the same
magnitude as the correlations indicating convergent validity of the formal
reasoning tests. These conditions indicate that the formal reasoning tests
have little if no disciminant validity for two reasons: (1) the formal
_reasoning tests have modest, not small as hypothesized; correiations with
a measure of a different. trait (i.e., verbal intelligence) &as they are
" with measures of the sae trait (i.e., formal thought).

The second phase of the construéi: validation entailed a écrutiny of
the age level means and standard deviations for the vocabulary test scores
and tl_le formal reasoning test scores. Table 8 indicates this information.
It was hypothesized that the means of the vocabulary test scores will indi-
cate a 'decided positive monotone trend, whereas the formal reasoning test
score‘means increase from the 13 year age level to the 16 year age level
bl..lt. then level off and show no significant increase from the 16 year age
level to the 19 year age level. That hypothesis is derivable from the
- observations that verbal intelligence (e.g., vocabulary size) continues
to grow well into adulthood (Guilford, 1967) but that formal reasoning

becames well established in a relatively short period of time after its

~

emergence (Inhelder and Piaget, 1958) ..
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As can be ‘discer-ned in Table 8 there is .a definite positive monotone
trend among the vocebulary test means, Qhereas there is no significant increase
for any of the formal reasoning test measures between the 16 year age level
* and the 19 year age level., The statistics in Table 8.indicate that as age
increasas the vocabulary size tends to increase and becores nore varied, thus
substantiating an aspect of the hypothesis being considered. Also, statistics
in Table 8 indicate that between 16 and 19 years of age formal operaticnal
skills becomz somewhat fixed. These two trends in the scores discernible in
Table 8 attest to the hypothesis that fonmal operations and verbal intelli-
gence carply to two different growth patterns. 4

The tﬁird phase involved the examination of some of the correlations and
éartial correlations among the total task scores, the formal operational com-
petency scores, and the vocabulary scores. It was.hypothesized that verbal .
intelligence is not the primary cowponent in the formal operational rellation-.
ship between the Piagetian tasks and the formal reasoning tests. This hypo-
thesis was confirmed if the partial correlation between the forral cperational
competency scores holding vocabulary scores Iconstant was similar to the cor-
relation between the formal operational task scores and the formal operational
cumeteny soores. :

A second aspect of this third phase designated ti]e hypothesis‘that little
remains of the relationship between verbal intelligence and formal reasoning
when the Piag. ian formal task component is removed. This was confirmed if
&e partial wﬁelation between the vocabulary scores and the formal Opera-
tional competency scores holding formal operaﬁional task scores constant was

appreciably less than the correlation between the vocabulary scores and the
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formal operational oonpetency ‘scores. ‘Table 9 indicates the four correla-
' .tiOnS relevant. to this phase of the oonstruct validation. |

' From the correlations cited in Table 9 it can be determined that the
measures of verbal intelligence accounts for only 27.3% of the variance
shered by the Piagetian tasks and the formal rea'sbning tests and that the
two correlations to bé considered in the first éspect‘ of the third phase
are quite similar as hypothesized. Also, the partial correlaticn between
the vocabulary scores and the formal operational carpetency scores holding
formal operational task scores constant (.159) is appreciably less than the
correlation Bem'een the vocabulary scores and the formal operational compe-—
tency scores (.358) as hypothesized. Thus this phase of the éonstruct vali-
dation of the formal reasoning tests provides evidence attesting to the con-~
struct validity of the formal reasofu’.ng tests,

To sumarize the validation procédure findings, the formal operational
reasoning {~stg - - lemonstrated to have substantial content validity,
mode'st_cor'xcurrent validiiy and limited oonstruct validity.

From an examination of certain statistical and psychometric properties
of the tests used in the study certain findings on the item structures can
be stated. Five item structures had relatively high average validity indices )

_ (in é.xbess of .100) ,' high average reliabilify'indioes (ixjn' excess of .130)}
re.latively high first principal component factor loadings, and moderately |
high item difficulties (in the .500 - .760 range). The high average validity
indices of these item structures, for example, indicated that the performance
on 'ax.\y item with any of these item structures is highly related either\ with

performance on the four Piagetian tasks .used or with the formal operational
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competency scora. No discernible pattern was evident avong these item struc-
tures for four of the item structures were drawn from the quantificational
logic and one item structure was drawn from th2 logic of relations.

More resecarch is needed to determine th'ose logical components (é.g. '
presence of connective "not") in a formal reasoning item with an item struc-
- ture i‘esbomible for the validity and difficulty of the item. Also rese&dw
is needed to determine whether items with more abstract content or with more
coplex constituent sentences are more difficult than other items set in
different contents b it with the same formmal logical stxucture.

In general, highly reliable formal reasoning tests x-zi£h items having
hich reliability and validity indices form an objective for formal reasoning
t':est construction and would provide more accurate and valid measures of for-
mal thought. Also formal reasoning tests with items complying with a fac-
torial design with types of logical components (e.g., binary oonnectivés
such as "and") designating the factorsl used could be used to determine those
qualities of the items that would influence item discrimination and item dif~
ficulty.

IV. Discussion

The att.mpt to construct and validate paper-and-pencil formal operations
tests vas somewﬁat successful. The formal reasoning tests developed in this
study could be used to determine the level of formal cognitive functioning
'fo.r each adolescent in a school. However, valid, "pure" paper-and-pencil
méasures of fo;tmal thodght were not developed; more research is .needed to
resolve the methodological problemé in the oonstruction of such a valid,

"pure" instrument. However, the set of procedures employed in this study -
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would provide a reasonable basis from which such instrument development could
take place. Valid, "pure" formal thought tests would have cﬁwsiderable value
for not only the practical purposes of measuring level of cognitive develop-
ment but aiso for instituting fertile psychological research in formal thought
and adult cognition.

In general, theré still presently exist no strictly validated instxtments"
testing for formal operations. With validated formal operations tests easy
to égministér, educators could determine those students capable of higher cog-
niti;e functioning. In addition, a standardized developmental scale of rea-
soniAg battery oonsisting of paper-and-pencil instruments that measure formal
thought capabilities and other paper-and-pencil instruments that test for
other Piagetian stage behavior patterns could be used ektensively and inex-
‘pensively to determine the level of coynitive developrent of each menmber of -
the school population and to diagnose:the.cognitive inabilities of the mentally

retarded. Thus research on the measurement of oparational thinking has not
only a.théoretical relevance but also extensive practical ramifications.

It is quite possible that the evaluation of the subject matter achieve-
ment and the measurement of the cognitive development will be unified through
test construction from a Piagetian framework; For exatple, tests demanding
the éame set of operational skills may be get'in various content. areas to
test for the generalizability of the operational skills and to test for achieve-
ment in the content areas. Thus psychologically-parallel achievement tests
could be constructed that would indicate the level of cognitive development
and the échievemeht‘of an individual for a set of.éohtenttareas. It is anti-

~

cipated that these contentions may have considerable effect on.measurement
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and evaluation practices in schools,
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Table 1 _
Product-Mament Correlation Cocfficients Between Formal Operational Task Scores
and Each of the Three Sets of Formal Operational Reasoning Scores

and the Total Formal Reasoning Scores
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)
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§ ] ! Soorxe

. . & e e - ——— A . o Srn § i S g W N el 48 nad A e el S A e as te

Age-level * Biology History

e — > — A —— A ¢ BA S S @ e

Literature '
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Table 2
Lower-bounds for Pearscn Product-domenit Correlation Coefficients
Corrected for Attenuation Between Formal Operational Task Scores
- and Each of the Three Sets of Fonmal O'perationai Reasoning Scores

and the ’lbtal Formal R.asomng Scores

- Piagetian Tasks ' Formal q:weratxonal Redsomrg "ests 1‘ Total

N e MLe ek A tMemmeLmaa e m s a8 Am e SEme e b wee A

Age—level R Biology : History Literature
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Table 3
éontingency Table Indicating the Nunber of Subjects at the Concrete

Stage of Thought. and at the Formal Stage of Thought According to

e the Task Scores and Acoordmg to the Conpetency Scores

I T Sy . e o L e e o ma s mim v e ———

Forrtxl Reasoning Tests :

R S ATy,

Concxete Formal . Totals

e Ikttt R e s e e e b b m——
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e e L A e e e cemm e h e a

Piagetian Tasks

. — s -
.
P

B Formal : 0

| Totals | 0 ; 90 .90
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Table 4

Yower-Trianguliar Correlation Matrix for the Seven Measures of Formal Thought

and the Measure of Verbal Intelllgence f01 the 13 Year 014 Group

Vanable , M 2f3 4 51617

[

2. Balance Task _ . 746

3. Pendulum Task 379 .566

e g — L te—— e )

4. Conservation Task .368 .609 .377 Cod i - |

P S G Gwm e e S o wms Aem e

5. Biology Test | 342 .249 -.203 .101!
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6. History Test j+20%  ,070 ~.052 ! .069: . .562
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Table 5
Lower-Triangular Corrclaticn Matrix for the Seven Measures of Formal Thought

and the Measure of Verbal 1ntell1gence for the 16 Year 014 Group

-y aindd - = - [ e o e
PRah Bres P AP e T e

Varisble T s 5 6 7 8
i e ,i s e
2, Bglance fasx _ .817 j ? :

3. Pendulum Task 682 .609

4. Conservation Task .552 596 .528
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5. ?io]ogy Test 1,33 .458 .500 ‘.503:

6. ﬁistory Test .524 ,538 ,533  .415| .626

' |
7. ﬁiterature Test 460  .499 .383 .429,; .641 .582
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8. Vocabulary Test .316 .428 ,425 ,551 [.202 .130 -.019

—. . e . Ces - & e re o -~
et e

SUTTAT NS eaen



-27-
Table 6
Lover-Triangular Correlation Matrix for the Seven Measuvres of Formal Thovght

and t‘ne Measure of Verbal InLelllgenoe for the 19 Year 0ld Group

s R ,45-*_6-_:_7 __..---8_
1. Shadows Tesk WMME I 'j: S
2. Balance Task - .528 ! t
3. Pendulum Task 530 .487
4. Conservation Task  .638 .325 .26l ' ’
5. Biology Test {':3-{5‘ Ts96 337 -..2.2_9.: ) ' ;
6. History Test .48 552,122 .3300 .460 ;
7. Literature Test ;!.390 558 ..31:9__‘_.3_1:}_; 699 664
B. Vocabulaxy Test 228 .43 196 .70 |07 .248. 426

.




-28-
Table 7
Lower-Triangular Correlation Matrix for the Seven Measures of Formal Thought
and the b.easure of Verbal Intellmcnoe for the Total Scmple ‘

Nl e el R - et e - Pagioys

Variable 1‘22.3:4 5 6 7.8
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1. Shadovs Task ‘ _ i | -:
2. Balance Task - .21

3. Pendulum Task 560 . 594 | l :

4. Conservation Task 511 .538 .448 '

5, |  Biology Test =_3 5 460 328 .327] ,
6. 'Hlstozy Test 396 388 .21 .269: .508 |

7. ii.iterature Test  1.416 .53 . .458 .37 654 461

8. Vocabulary Test '260 205 376 _.;53. 325 _.13¢_ .304]
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Table 8

Statistics of Flve Cogrutlve Test Scox:e~ Over 'mree Age Levels

St e s eem e e ae e st -
SELTESSST I I TN R N N [ Ve T eei e el e Ve
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Ievel Score Qoore Score Soore - Soore
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Table 9

Scme Correlatlom Among Cogmtlve I!easurea for 'I‘otal Sample

Oorrelatmu between for'mdl operatlonal oa'rpetency scores

a—em o a e n

and formal Operatlonal tusk scores ’ , = ,564
Partlal oorrelaum beLve N formal operauonal cotrpetency

soores and formal operational task scores holding vocabulary

soores oonstant Pe o, 488

.- -— —. - .sm e C—— .

Correlatiou between formal operatmnal oan;.etency scores and
vocabulaxy soores _ fe 358

cmmes aaa s 8 e s Baices w te .

Partial oorrelation between fomal ooarauonal oo"petoncy

scores and vocabulary scores holdiig foma]. operational task

scores oonstant = ,159
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